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Abstract 
Bucharest is one of the most exposed capital cities to the risk of earthquakes. Memories about the massive damages which 
occurred during the past century and of the seismic activity in nearby Vrancea region justify vulnerability re research with focus 
on the city. However, due to the visible destructions of the 1977 earthquake, the focus was mainly laid on the already built 
environment and less on the social and economic vulnerability of the city. This is the reason why we are striving to explore areas 
at risk and their spatial association by applying a social vulnerability index at the 2011 census. Throughout this analysis we shall 
be commenting upon the results and feedback from the census induced issues that hinder a clear identification of vulnerable 
areas. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
There is much national and local discussion around the Bucharest vulnerability to hazards and especially to 
seismic risk. The fear of a major earthquake remains vivid, and the effects of the 1977 earthquake are reminded 
through mass-media channels every year. However, the administration perspective in relation to social aspects of 
vulnerability does not seem to have changed much. While the focus is on physical mitigation, social vulnerability 
dimensions cannot be addressed in a dynamical context, lacking comparability and consistency of census data. 
Starting with 1992, the tracts were heavily modified with each census and the methodology of collecting data 
changed, or at least they are not available to researchers but only meant for internal administrative use. There is no 
surprise to this situation, given Bucharest heavily politicized environment. Therefore, the support of academia in 
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understanding and mitigating social vulnerable areas of Bucharest remains hindered. Nevertheless, social 
vulnerability in Bucharest can be explored, but only statically, as a social vulnerability condition at a given time. 
Studying social vulnerability is vital [1], as it helps stakeholders understand and prepare for a disaster. It is the 
complex understanding of social and economic factors that can help stakeholders adopt policies and interventions 
plans and adapt them to the interest of all parties involved. Several authors [2, 3] showed that assessment of social 
vulnerability helps in decision-making, while academic scrutiny improves policy and practice decisions [4]. But 
when data that are being fed into the model lack support from the administration, there is a high chance of impairing 
disaster risk mitigations efforts. Such situations happen when institutions are highly politicized, even though the 
official narratives would seem to suggest the contrary. It is in fact a reinterpretation of the communist discourse, 
when plans had to be accomplished to serve greater goals. The same situation appears to have happened with the 
2011 census in Bucharest. Various experiences about the census reported in the media, different issues that emerged 
regarding its management and the crippled data offered by the National Institute of Statistics (National Institute of 
Statistics) points to similar circumstances. These range from poor GIS development of census tracts and fear to 
provide detailed information, up to situations in which the field operators were young people, hastily hired, and 
clearly having no basic understanding of conducting an interview and writing down the answers. 
Alongside these issues, conflicting views about exploring vulnerability have emerged on the international 
research stage, with resilience at the forefront. Therefore, the efforts of different disciplines to find ways of reducing 
risk to natural hazards have intertwined. While there are different approaches on how to study social vulnerability or 
resilience and what frameworks are best suitable, recent inquires [5, 6] have suggested the two are congruent, only 
the trend has diverged the focus. Under these circumstances, we adopt the traditional approach developed by 
geographers to scrutinize social vulnerability, by employing what is now a fifteen years old methodology – SoVI. 
Considering the above mentioned context, this paper aims to explore the social vulnerability underlined by 
census data in Bucharest (2011). The paper addresses social vulnerability as a context-dependent issue and uses the 
framework developed by Cutter et al. [7] and continues the analysis of social vulnerability as developed by Armaș 
and Gavriș [8]. We constructed a census based social vulnerability index for Bucharest, assessed the results and 
commented upon their spatial association, refining the analysis with a discussion about the impediment created by 
institutions when efforts are made to understand social vulnerability in Bucharest. 
2. Vulnerability concept 
Conceptual notions are essential in sustaining the development and application of scientific methodology [9]. It is 
more than obvious when we research vulnerability with very different approaches. From social sciences to 
geosciences, even from theorists to practitioners, the communication among these channels parties could be 
improved. At the same time, approaching natural hazards sociologically, by simply considering them as destructive 
agents [10], will not showcase the human-environment relationship as focus is only laid on the social aspects 
brought about by disasters. Given that disasters happen in a broader social context, the results of one study tend to 
be limited to that particular context in which the research was carried out. In recent decades, sociologists and 
environmental anthropologists have made substantial attempts to unify both the naturalistic and the social 
approaches [11, 12, 13, 14]. Such attempts can be found in the methodology of ecological environments such as the 
Hierarchical Patch Dynamics type [15] and in the study of coupled social ecological hot-spots [16]. 
In the risk society context, as introduced by Ulrich Beck in 1986 [17], where risks are seen as global phenomena 
caused by modernization, vulnerability is more difficult to define and measure [18]. In his book ‘At Risk’ (1994), 
the geographer Blaikie [19] also starts from a unidirectional approach of the social aspect and shows that social 
vulnerability is the main cause of disasters. Blaikie emphasizes a sociological approach to disasters, one of hazard + 
vulnerability = disaster type. The economic and political factors that contribute to vulnerability and risk are 
intractable and these issues can shake the politically ruling power. Therefore, the ruling bodies will focus on the 
physical or engineering aspects of a hazard, avoiding the ‘explosive’ problems such as social vulnerability. The 
authors propose a framework for risk analysis – ‘Disaster Pressure and Release Model’ (PAR), based on the general 
equation: Risk = Hazard x Vulnerability. In this context, vulnerability develops on three progressive levels: the root 
causes, dynamic pressures and unsafe conditions. 
A wide accepted definition is that of Bohle [20] who identifies an external vulnerability (exposure) and an 
internal one (the ability to cope). Exposure refers mainly to the structural dimension of vulnerability and risk while 
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the internal one to the actions required to mitigate economic and environmental changes. Exposure is usually 
highlighted, while the ability to cope is more difficult to identify and quantify. 
Over the past decades, the importance of measuring social vulnerability has triggered many attempts to provide 
solutions. Researchers have explored social vulnerability at different scales, generally on a national level. Several 
significant attempts were made to understand social vulnerability in Australia [21], US [7, 22], Norway [23], UK 
[24] and Vietnam [25]. Scaling down the national perspective brought much insight into the dimensions that 
compose social vulnerability and has revealed how to structure it so that it can be not only scientific sound, but 
accessible to stakeholders in the long term. 
In this study we started the discussion from the meaning of social vulnerability as “the possible degree of being 
affected by a hazard” [26], being aware of the limitation inherent in only considering the population component, and 
without taking into account the environmental stressor. This aspect will be amended in further studies. The method 
was approached taxonomically as a non-dynamic model [27], focused not only on the causes of social vulnerability 
identified by indicators of social and economic metrics, but also on empirical taxonomies: gender, age, social status, 
ethnicity, type of housing etc. The variables taken into account were limited by the lack of access to the census 
information. Based on this conceptual approach, social vulnerability in Bucharest was analysed, from spatial point 
of view, through a social vulnerability index integrated into GIS, but within the limits of data availability. 
Bucharest city has an intense history of hazards events, marked by powerful earthquakes. The last century 
recorded four major earthquakes (ROMPLUS catalogue), over 7.0 in magnitude. Only at the 1977 earthquake the 
number of causalities reached over 1500 fatalities with many injured [28] and 35,000 families with houses 
completely destroyed. Moreover, the economic consequences affected the Romanian economy on long term, as the 
loan contracted from World Bank submerged Romania into a deep crisis in its attempt to pay it off. The seismic risk 
did not pose big issues until the 1986 earthquake, but neither this one or the following seismic events affected the 
city much. 
After 1989, the city registered a strong dynamic evolution, especially in the field of economic and social 
development, given the harsh transition of the post-communist era. Yet, Bucharest’s population remained somewhat 
stable (about 2 million inhabitants), but underwent powerful social transformations. Due to the economic and 
political situation after 1989, the city was seen as the hub of the new development, attracting many people, but at the 
same time favouring the migration of its elite towards the city outskirts. Every house, apartment, part of the city had 
to be transformed and included into the new development paths. As a consequence, many individual businesses and 
industries made room for housing rehabilitation, but they had no legal or practical implementation. Moreover, the 
urban planning was lax, allowing the development of real estate projects that overlooked construction standards. 
While there were overall improvements in housing, the possibility of affecting the structure of the house and that of 
the neighbouring ones also increased. These vulnerability generating behaviours added to the poor quality of 
buildings raised during the communist era, when many apartments were built with little regard to living standards. 
In parallel, the neo-liberal economic adjustment to the capitalist market pushed many industrial plants towards 
restructuring which, for most of them, ended in collapse triggering two side effects. First, the former industrial space 
made room for new residential and commercial projects, which increased the density of population and congested 
the traffic. Second, a significant part of population had to start looking for jobs, fact which generated a rising 
number of unemployed persons. It should be noted here that unemployment in communist societies is virtually non-
existent as every able person of work-age is provided with a job and is expected to be in employment irrespective of 
performance. Especially after the 2008 crisis, the unemployment rate sky-rocketed. Throughout literature, these 
factors were proved to be significant for measuring social vulnerability and so play an important role in our analysis 
of the 2011 census. 
Despite a fairly open real estate market, the large number of houses bought immediately after 1989 and the 
industrial restructuring have created a strong anchor for people residential mobility within the large housing estates 
[29]. This has triggered the creation of segregate spaces [30, 31] which have increased the vulnerability, given their 
spatial proximity. 
Other events that characterize the social vulnerability of Bucharest in 2011 are related to an ageing population. 
This has grown sharply and, importantly, the spatial data analysis indicates there is a high concentration of elderly 
people in the central part of the city, living in old buildings. Moreover, the situation of the elderly population is 
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affected by their low mobility and single-living conditions. Overall, the analysis comprises 18 variables (Table 1), 
obtained from NIS or derived from data census. 
     Table 1. Variable selection. 
Total no. of persons on census unit (census population)  Npt Total no. of unemployed persons on census unit  Nut 
Total no. of households on census unit  Nht Total no. of men on census unit  Nmt 
Total no. of children on census unit  Nct Total area of household rooms (bedrooms, living rooms) on census unit  Na
t 
Total no. of women on census unit  Nwt Total no. of rooms on census unit  Nrt 
Total no. of women having 3 or more children on census unit  Nw3t Total no. of private/owned households on census unit  Not 
Total no. of women of over 15y giving birth to a live child  Nw15 Total no. of private/owned households with 5 or more 
rooms on census unit  No5
t 
Total no. of persons with minimum education level on census unit  Nmet Total no. of economically active population  Ncvtt 
Total population over 10 years of age  Np10t Total no. of social dependent people  Ndt 
Total area of occupied space in the residences  Nhot Total population over 65 years of age  Net 
The debate on what methodologies to use when measuring social vulnerability favours quantitative indexes based 
on using data census [7, 32, 33, 34, 35]. The previous work on understanding social vulnerability in Bucharest 
addressed either a multi-criteria approach [36], developments based on SoVI [37] or spectroscopy [38]. In a recent 
comparison [8] of the first two metric approaches it has been found out that the two indexes are not interchangeably, 
depending on the scope of the study. Even so, this may help to complement each other, overlapping limitation 
imposed by data availability and administrative ‘grey practices’ (employing people with no experience and 
qualification in census retrieval, poor spatial mapping of census tracts, radical chance in census methodology etc.). 
In this paper, we shall only use the SoVI metric approach, but with limitations, due to the issues with the data 
received from the NIS. 
Literature dedicated to the vulnerability factor emphasized that variable selection differs from one area to another 
and from one scale to another, fact due to different approaches applied to the census methodology and the 
limitations of the census design. Despite these issues, there is a common agreement on a core set of indicators that 
should be included in any social vulnerability analysis [19, 39, 40, 41, 42, 43, 44]. In this regard, the indicators 
computed here follow previous work that considers vulnerability as being composed by variation in age, gender, 
unemployment, dependence, property variables a.s.o.[7, 45, 46, 47]. Furthermore, literature analysis supported the 
selection of indicators, while expert opinion allowed us to integrate the international context into the local 
conditions. 
Hence, we apply the methodology proposed by Cutter et al. [7] with the local amendments on variable selection 
[8]. For the moment, this approach has been proved to be among the most used in its activity field, but still requiring 
more contexts to be explored and more insights about scale variation. Because the stages are well described in the 
aforementioned literature, we only summarize them as follows: selecting census data variable, standardization, using 
principal components analysis (PCA), development of indicators and finally, summing the indicators into the index 
based on the way each of them influence social vulnerability, without any weighting procedure (Fig. 1). The 
construction of the social vulnerability index relied on PCA, where the four dimensions explained over 88% of the 
variance within a middling value for KMO Measure of Sampling Adequacy. The resulted dimensions were further 
aggregated according to the influence they have over social vulnerability (Table 2). The sign of the influence is 
based on literature review and on particular conditions that may change the way dimensions act in different 
geographic contexts. Then, the spatial clustering of vulnerability was explored with the help of GeoDa software 
[48]. The exploration involved analysis of data observation to decide over the solution of constructing the weight 
matrix, assessing the statistical significance to reveal the existence of spatial clusters of vulnerability and testing 
significance of LISA which resulted in corresponding maps. 
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Fig. 1. Methodological overview. 
     Table 2. Social vulnerability dimensions. 
Dimension and variance explained Indicator Component 
1 2 3 4 
Social 
27.867 
+ 
Dwelling population density .855 .418   
Widows female population in total population -.800   .533 
Elderly (over 65 years) -.796   .526 
Female population in total population -.774 -.453   
Room occupancy per household .746  -.583  
Education 
24.177 
+ 
Minimum level of education  .946   
Unemployed population (in active population)  .830   
Women with more than 3 children (in total women who gave 
birth) 
.437 .829   
Housing 
21.880 
- 
Housing density .394  -.895  
Average room area per person on census unit -.390  .879  
Average household room area on census unit   .814  
Average no. of private/owned households with 5 or more rooms  .585 .628  
Social dependence 
14.476 
+ 
Dependent people in total population    .929 
Children in total population .319 .518  -.636 
Kaiser-Meyer-Olkin Measure  
of Sampling Adequacy. .749 
Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser 
Normalization. 
Rotation converged in 6 iterations. 
 
1.1. Mapping social vulnerability in Bucharest 
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The social vulnerability map represents standard deviation values that allowed the classification of index scores 
into five categories (Fig. 2). The most vulnerable tracts at the 2011 census appear towards the city outskirts and in 
the large estate areas built under communism, as expected. On one hand, the outskirts revealed themselves, even in 
2011, as areas with rural characteristics included into Bucharest during communism. During that period and the 
following one, they were not entirely (re-)developed, given that the urban development focused on the central parts 
of the city. Moreover, parts of them host poor population who has found the living conditions at the outskirts as 
being suitable to benefit from the advantages of the city, but preserving a traditional way of living at the same time. 
On the other hand, the communist large urban estates clustered heavily in areas that supported Bucharest's 
industrialization and faced a high population density before and after communism. Altogether, the majority of the 
tracts recorded high levels of social vulnerability, with some areas showing moderate social vulnerability. The 
index, which displays these results, ranged from -12.59 (low social vulnerability) to 10.83 (high social 
vulnerability), with an average vulnerability score of -8.5 for the city. 
Fig. 2. Social vulnerability at 2011 census. 
High social vulnerability larger than 1.5 SD was present in 48 tracts (out of 128), with the SW tracts at the top, 
broadly overlaying the neighbourhoods of Ferentari and Sălaj. They are accompanied by most of the SW parts of 
Bucharest as well as by those tracts overlaying large urban estates, spread at the outskirts, parts of district 2, 3, 4 and 
5. The situation was heavily influenced by housing conditions and social dependence. Many of these areas are 
known for their high social vulnerability, also recorded in the past. Furthermore, the index mapping suggests that the 
high vulnerability may be more complex, given the presence of medium social vulnerability nearby the 
aforementioned tracts. 
Regarding the scores with low social vulnerability (39), their distribution suggests a strong concentration 
alongside, mainly in district 1 and in the central area of Bucharest, which extends farther on, towards the 
neighbouring tracts. Other tracts labelled with low social vulnerability (-1.5 SD) are scattered throughout the city, in 
areas that were under real estate (re)development. The lowest social vulnerability score is displayed by a small tract, 
in the western side of the city central area, overlaying parts of Cotroceni neighbourhood. The next tracts with low 
vulnerability scores are recorded in district 1, within the neighbourhoods of Herăstrău and Primăverii. What does 
come as a surprise in the distribution of low social vulnerability is its extension over large areas. It appears as almost 
a continuous perimeter separating the eastern part from the western part of the city. Of course this situation is 
striking but receives one argument from the fact that the economic variables were not included in the analysis, due 
to their unavailability. To understand more about social vulnerability, the next stage used the spatial association of 
the index, in an attempt to focus on a possible high risk area, extending many tracts. 
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1.2. Identification of spatial clusters of vulnerability 
Local Indicators of Spatial Association (LISA) further suggested the aggregation of areas with similar scores of 
social vulnerability (Fig. 3). It was a necessary step to understand possible hot spots and diffusion of vulnerability, 
given the bordering of tracts, hence the possibility of diffusion of social vulnerability to other neighbouring tracts. 
The exploration of results revealed a strong cluster of social vulnerability in Ferentari – Rahova area, as well as in 
Militari – Drumul Taberei area. They are commonly known to possess high social vulnerability and the results of the 
2011 census, further explained the lack of involvement on the part of administration to solve the issues present there, 
which predate 1989. The third cluster with high social vulnerability emerged from district 3, overlaying most of 
Balta Albă neighbourhood. 
The analysis revealed that clusters of low social vulnerability also exist in the context described earlier in the 
study. They are structured alongside district 1 and in the central part of the city where there is a large concentration 
of variables which reduce vulnerability, making this area little socially susceptible to risk in the case of a natural 
hazard. Their clustering is based on low building density, high level of education and a low number of women with 
more than three children. We are aware though that data concerning old buildings, most of which are in the city 
centre, and economic indicators might transform the results. 
Both types of clusters reflect little improvement in areas known to be at risk. Also, the high social vulnerability 
clusters at the outskirts and within communist large estates housing areas as opposed to the central positioning of the 
less vulnerable tracts suggests a high process of segregation that may affect even further social vulnerability during 
future mitigation action. Under these circumstances, it seems that little efforts have been taken by administration to 
reduce vulnerability and to develop the city through a coherent plan. 
Fig. 3. LISA mapping of social vulnerability. 
6. Conclusions 
The paper aimed to identify the social vulnerability in Bucharest based on the 2011 census. This preliminary 
analysis continues to explore the city's spatial vulnerability and the associations of the census tracts, following 
previous studies in the area. But looking back at other censuses results, it appears that all these static images cannot 
be dynamically and fully used to help mitigate disaster risks. At the same time, there are some administrative issues 
that hinder the analysis of social vulnerability and limit preparedness towards a seismic event. As census data can be 
used to legitimize policies it comes as little surprise that in some countries the data stand a high chance of distortion 
[49]. At least in the case of the 2011 census, the reasons for the limited support to research and exploration of data 
stand on the census poor organization. The period before the census start was indeed problematic, ranging from its 
hastily organization, to employing people lacking any field- related experience, poor communication on what 
personal data should be declared and up to irregular spatial mapping of the census units. Such flaws were largely 
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reported in mass-media of the time and have continued to accumulate within social networks discussions. This 
discussion can be considered as parts of a whistle-blowing emerging trend that may be instrumental in diminishing 
the risk by increasing the awareness about the data collection and being critical with the results offered by 
institutions. 
Overall, we can state that while we have offered a static image of the social vulnerability at the 2011 census, it 
just goes without saying that it cannot be considered the best one, bearing in mind the given conditions. This is why 
further research on Bucharest social vulnerability needs a thorough understanding from institutions that census 
boundaries must be solved. The number of census units decreased from 160 in 1992 to 154 in 2002, and has been 
reduced further to 128 in 2011. This process diminishes the survey possibilities of the areas at risk and the 
understanding of complex transformations that occur within the city dynamics. We consider that it is vital for 
everyone involved in the city's life to open the data at larger scales for micro-scale analysis. This will improve the 
accuracy of analytical results and the overall mitigation actions. 
Studies focused on social vulnerability may come as a further addition to efforts that try to mitigate large natural 
hazards. The development of a monitoring system based on social vulnerability will build community resilience to 
disasters and will raise community awareness of risk management. It is even more important to focus on social 
vulnerability as other studies focused on the physical dimension of vulnerability have indicated there are limits in 
measuring ground dynamic characteristics that lead to extrapolation uncertainties about the effects of an seismic 
event [50]. Only connecting the local clusters with earthquake microzonation [51] may better connect the social 
perspective with the physical one. Furthermore, integration of social vulnerability in monitoring solution at different 
scales will enrich administrative tools, which at the moment are mainly targeted towards the already built 
environment. 
Administration should develop pilot studies on highly vulnerable clusters that should be repeated on regular 
intervals so as to enhance the actions and the lessons to be learned from these expanding areas. Quite clearly this is 
vital for vulnerability mitigation and in preparing individuals to act alongside hierarchical structures of power, to 
empower communities through grass-roots actions so that they become more resilient and place-aware. 
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